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Section S1. Theoretical prediction of ZT value
The ZT value can be regarded as a function of reduced Fermi energy η = ζ/k B T (ζ is Fermi energy) and the material quality factor B. When acoustic phonons dominate the scattering, ZT can be predicted with the single parabolic band (SPB) model as
And
For the material with a given B value, ZT is a function of η, as shown in fig. S1A . Carrier concentration optimization is used to adjust η in order to realize the peak ZT. For most of the thermoelectric materials, the B value is lower than 0.8. According to the position of peak ZT for B = 0.1~0.8, the η value should be optimized at -1~0. It should be noted that the window of 1 k B T in Fermi energy (+/-0.5 k B T) corresponds to the variation of carrier concentration by a factor of ~2.5 in experiment. We fix the η value at around 0.6 to investigate the B value dependence of peak ZT. ZT is plotted against B for different η values (0.4, 0.6, 0.8, and 1) in fig. S1B . Clearly, the ZT value is not very sensitive to η because the carrier concentration is around the optimized value. Interestingly, ZT as a function of B, when shown in log-log graph form, is very nearly a linear relationship. The slope (first derivative) of the curve is
Thus, peak ZT may be roughly estimated in this way. As shown in fig. S1C , it works well for fitting a linear model to the data, and a slope of ~0.75 is obtained for η= -0.6. Therefore, if ZT of n-and p-type doped materials can be estimated by
we can have The SPB is a very basic model. The careful comparison of the model's assumptions against the specific material system is highly needed before making the prediction. 
